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The nonlinearities of current-voltage characteristics (IVC) of superconducting niobium point con-
tacts for voltages of the order of the characteristic phonon frequencies are investigated. It is shown
that in limiting by dirty contacts l1  d , (l1 is the momentum mean-free path of electrons), features
are observed on the IVC corresponding to maxima in the first or second derivatives and are situated
at energies close to the characteristic phonon energies. These features are due to the energy depen-
dence of the excess current, since the nonlinearity of the IVC in the normal state is several times
smaller in absolute magnitude, and its second derivative is monotonic. For a contact diameter d of
the order of several tens of angstroms (the contact resistance is of the order of 100 Ω), the thermal
effects can be neglected. It is assumed that in the region of the constriction, the characteristic
lengths of the system satisfy the relation ξ >∼ d > Λε (Λε is the diffusion length for energy relaxation
of the electrons, ξ is the coherence length) which makes possible inelastic transitions of electrons
between pair chemical potentials differing in energy by an account eV (V is the voltage drop across
the contact).
PACS numbers: 71.38.-k, 73.40.Jn, 74.25.Kc, 74.45.+c, 74.50.+r.
I. INTRODUCTION
Point-contact spectroscopy (PCS) of the electron-
phonon interaction (EPI) in normal metals permits mea-
suring directly the spectral function of the EPI if the
mean-free path of electrons is greater than the size of the
contact and the temperature is sufficiently low (kT 
h¯ωmax, where h¯ωmax is limiting phonon frequency). If the
metal is superconducting at low temperatures, then for
investigations using the PCS method, it is transformed
into the normal state with a magnetic field exceeding the
critical value Hc. For superconductors with not too large
values of Hc (for example, Pb, Sn, In, T l,Nb, etc.), mea-
surement of the point contact spectra does not present
any difficulties. However, it is not easy to destroy su-
perconductivity of intermetallic compounds with a struc-
ture of the A15 type, especially if we take into account
the fact that the deformation of the metal, arising with
the creation of a contact in liquid helium, causes the re-
quired fields to exceed appreciably the Hc of the unde-
formed specimen. For these materials, the characteristic
frequencies of the phonon spectrum are likewise usually
quite low, so that Hc likewise cannot be decreased by in-
creasing the temperature, without decreasing too much
the resolution of the method.
As was first shown in Ref. [1], the IVC of clean S−c−S
contacts are nonlinear and, in addition, features (maxima
in dV/dI) are observed in their derivatives, situated at
characteristic energies of the phonon spectrum and aris-
ing due to the energy dependence of the excess current.
An attempt to explain the decrease in the excess current
by equilibrium heating of the metal in the region of the
contact, undertaken in Ref. [1], was only partially suc-
cessful, inasmuch as it did not make it possible to deter-
mine the positions of the features on the V axis, which
did not coincide with the positions of the peaks in the
EPI function.
It was shown in recently published theoretical papers
(Refs. [2, 3] that for clean S−c−S and S−c−N contacts,
the IVC is nonlinear and, in addition, for eV  ∆ (∆ is
the energy gap), it can be represented as a sum of four
terms
I(V ) =
V
R0
+ I
(1)
N (eV ) + I
(0)
exc + I
(1)
S (eV ), (1)
where I
(1)
N (eV ) is the negative increment to the current,
coinciding with the nonlinear part of the IVC in the
normal state and having a magnitude of the order of
dV/R0l(eV ). The second derivative of I
(1)
N (eV ) with re-
spect to the voltage is proportional to the point contact
EPI function gpc(ω) (Ref. [4]). In Eq. 1, the voltage inde-
pendent excess current I
(0)
exc for T  ∆ , equals 4∆/3eR0
and 8∆/3eR0 for S − c−N and S − c− S contacts, re-
spectively, while the energy dependent part of the excess
current which I
(1)
S (eV ) is of the order of dI
(0)
exc/l(eV ) and
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2for bias voltages eV  ∆ represents a small (of the order
of ∆/eV ) increment to the nonlinear part of the IVC.
An experimental investigation of IVC of clean S − c−N
contacts by Kamarchuk et al.[5] confirmed the results of
this theory. It showed that the second derivatives of the
IVC of Cu − Sn heterocontacts in the normal and su-
perconducting states practically coincide, if the feature
appearing due to the breakdown of the superconducting
state in Sn due to injection of quasiparticles from Cu are
overlooked. In the S−c−N contacts investigated in Ref.
[5], these features, as a rule, occurred beyond the limits
of the phonon spectrum and their amplitude was small.
They practically did not interfere with the observation
of the nonlinearities due to the second and fourth terms
in the sum (1). We recall that in clean tin S − c − S
contacts [1] nonequilibrium effects of the suppression of
superconductivity on the edges are so large that against
their background, the theoretically predicted [2] small
non-linearities due to EPI are not visible. Thus the study
of point contact spectra of clean S−c−N heterocontacts
could make it possible to reconstruct the EPI function of
superconductors with high critical parameters, without
transforming them into the normal state. However, the
spectra measured in this case represent a superposition
of the EPI functions of the superconducting and normal
metals [6], and it is difficult to separate the contribution
of each metal from them.
Another problem arises in connection with the fact
that in the process of creating the contact, a high con-
centration of elastic scatterers of electrons (impurities or
structural defects) is introduced into the microconstric-
tion, although they are absent in a massive specimen.
For this reason, most of the point contacts obtained in
the experiment correspond more to the dirty limit than
the clean limit.
The purpose of this work is to investigate experimen-
tally the nonlinearities of IVC of limiting dirty point con-
tacts with identical superconducting electrodes in the re-
gion of bias voltages eV , corresponding to the character-
istic energies of the phonon spectrum (eV  ∆). Nio-
bium is chosen as the metal because, on the one hand,
the oxidized surface does not contain a large density of
centers that strongly scatter electrons and, on the other,
its phonon spectrum and EPI function have been well
studied experimentally [7, 8]. Niobium contacts can be
easily switched into the normal state with a magnetic
field.
We discovered that in cases when heating of the metal
in the microconstriction can be neglected, the nonlinear
IVC has features (maxima in the first or second deriva-
tives) situated at bias voltages corresponding to the char-
acteristic phonon energies. These features are due to the
energy dependence of the excess current, and the related
nonlinearity of the IVC is several times greater than the
non-linearity of the IVC in the normal state. We also
note that the derivatives of the IVC in the normal state
do not contain maxima. In other words, the EPI spec-
trum can be observed in the superconducting state when
it is absent in the normal state.
II. PROCEDURE FOR OBTAINING POINT
CONTACTS
Niobium is a material that is used in most works con-
cerning the experimental investigation of the properties
of superconducting point contacts. However, in all cases,
the structure and purity of the metal in the region of
the constriction remained undetermined. Meanwhile, it
is known that the electrical properties of niobium ox-
ides, which always cover the electrodes, vary over a wide
range depending on the composition: from superconduct-
ing NbO (Tc = 1.4 K) to the semiconductor Nb2O5. A
higher concentration of depairing centers, suppressing su-
perconductivity near the surface, is possible in thin nio-
bium oxide layers. Point-contact spectroscopy first per-
mitted obtaining direct information on the structure and
composition of the metal in the region of the constric-
tion. In our work, this information is used to construct
an adequate model of the contact.
All of the specimens investigated can be separated into
two groups, depending on the method used to obtain
them, in which the barrier, which is opaque to electrons,
separating the electrodes was created either from nio-
bium oxides or by total oxidation of a thin layer of alu-
minum deposited on clean surfaces of niobium electrodes
in a high vacuum. The characteristics of both types of
contacts were similar, with the exception that the per-
centage yield of contacts of the second type suitable for
measurements was higher.
We used single-crystalline Nb with a resistance ratio
ρ300/ρ10 = 100 as the material for the electrodes. We
cut out 2 × 2 × 12 mm3 electrodes using an electroero-
sion method. Then we chemically etched them in a mix-
ture of concentrated acids HF : HClO4 : HNO3 , used
with equal volume ratios, washed the specimens in dis-
tilled water, dried them, and mounted them into a holder.
3In some experiments (contacts belonging to the second
group), after etching, we placed the electrodes into a vac-
uum chamber and heated them with a sharply focused
electron beam gun (U = 4÷ 5 kV, I = 5÷ 10 mA) to a
pre melting temperature over a period of 5-7 min under
a pressure of (1÷2) ·10−7mm Hg. After cooling to room
temperature, we deposited an aluminum layer 100-150
A˚ thick on the faces of the electrodes. We oxidized the
aluminum in a boiling 30% solution of H2O2.
We created the point contacts using the shear tech-
nique [4]. The holder with a torsion-type damper permit-
ted regulating the clamping force holding the electrodes
to one another over a wide range. In the first contacts,
the IVC often had a semiconducting nature, i.e., the dif-
ferential resistance decreased with increasing voltage. An
increase of the clamping force usually led to metallic con-
ductivity in the region of the constriction.
The current-voltage characteristics and their deriva-
tives were regulated with the help of a standard modu-
lation technique. For measurements in the normal state,
the superconductivity of the electrodes was suppressed
by a magnetic field with an intensity of up to 50 kOe
at a temperature of 4.2 K. Insertion and removal of the
magnetic field destroyed the contacts, so that we per-
formed the measurements of the characteristics for the
same contact in the superconducting and normal state in
helium vapor after increasing the temperature from 4.3
to 10 K.
III. EXPERIMENTAL RESULTS AND
DISCUSSION
A. Point contact spectroscopy of the
electron-phonon interaction in niobium in the
normal state
It is very difficult to obtain point contacts from nio-
bium corresponding to the model of a clean orifice and
satisfying the conditions of ballistic flight of electrons.
The point-contact EPI spectra for specimens satisfy-
ing these conditions have maximum intensity, low back-
ground level, and quite narrow spectral lines. It is ev-
ident that even the best niobium spectra that we ob-
tained and which are shown in Fig. 1 (curve 1) do not
completely satisfy these requirements. Let us compare
the point contact spectrum 1 and the point contact EPI
function gpc(ω) obtained from it by subtracting out the
background with the function g(ω), measured by the tun-
V
FIG. 1: Point-contact spectra of niobium in the normal state
at T = 4.2K, H = 40 − 50 kOe (curves 1-3). The resis-
tances of the contacts, the values of the modulating voltage
with V = 0, and the value of the vertical segment with the
horizontal bars, indicating the calibration for the second har-
monic V2 ∼ dV 2/dI2, are equal to 110, 334, and 185 Ω ; 0.993,
2.26, and 2.47 mV ; 0.68, 0.555, and 0.238 µV for curves 1,
2, and 3, respectively (gpc is the point contact EPI function,
obtained from spectrum 1 in the model of a clean orifice [1];
g is the tunneling EPI function from Ref. [7]; the value of the
vertical segment with the horizontal bars equals 0.023 and
0.112 dimensionless units for gpc and g, respectively).
neling method in Ref. [7]. The position of the maxima on
the curves being compared coincide, but the smooth max-
imum on the point-contact spectrum is smeared, which
could possibly indicate the inhomogeneity of the struc-
ture of the metal in the region of the constriction. If the
parameter λpc = 2
∞∫
0
gpc(ω)dω/ω is calculated for con-
tact 1 using equations for the clean orifice, then we shall
obtain a value close in order of magnitude to the stan-
dard EPI parameter λ = 0.82 [7, 8]. The absolute val-
ues of the function gpc(ω) and of the EPI parameter λpc
depend on the choice of ρl = pF /ne
2 and vF , charac-
terizing Nb in the free electron model. In Fig. 1, the
calibration of the ordinate scale for gpc(ω) is presented
for ρl = 0.37 · 10−11 Ω · cm2 and vF = 0.294 · 108 cm/ sec
(Ref. [1]) here; λpc = 0.23. There values of ρl and vF
4will be used in the estimates of different parameters in
the paper. If the value ρl = 0.47 · 10−11 Ω · cm2 and
vF = 0.897 · 108 cm/ sec taken from Ref. [9] are substi-
tuted, then for contact 1 we obtain λpc = 0.62. It is
interesting to note that many point-contact spectra have
a shoulder at ≈ 10 meV and a break in the region 3-
4 meV , which are also present on some tunneling EPI
spectra of niobium (see, for example, Ref. [8]). Since
the inelastic mean-free path of electrons lε = vF τε or
the diffusion length for energy relaxation in a dirty ma-
terial Λε(lilε/3)
1/2
(li  lε, li is the momentum free
path length) decrease as the energy increases, it is nat-
ural to expect that the point contact better satisfies the
conditions of ballistic or diffusion regimes in the low-
voltage range. Starting from the tunneling EPI func-
tions, it is possible to calculate the energy relaxation
time τ−1ε = 2pi
∞∫
0
g(ω)dω at T = 0. For electrons with
energies close to the maximum phonon energy, we obtain
lε = 60 A˚ , which exceeds the diameter of the contact
1, determined using the equation for the clean (li  d)
orifice d = 1.3(ρl/R)
1/2
24 A˚ . Curves 2 and 3 in Fig. 1
represent point-contact spectra of specimens for which a
short momentum free path length li is apparently charac-
teristic. This is indicated by the following factors. First,
the intensities of the point-contact spectra are such that,
having been analyzed using the equations for the model
of a clean orifice, they lead to considerably lower values
of λpc (0.08 and 0.02 for contacts 2 and 3, respectively)
than for spectrum 1. Second, the spectral bands are ei-
ther strongly smeared, as occurs for curve 2, or do not
coincide with the positions of the maxima in the tun-
nel EPI function. The last remark refers, in particular,
to the second maximum on curve 3, which is displaced
toward higher energies by ≈ 5 meV (its position corre-
sponds to eV ≈ 27 meV ) compared with 22 meV , as for
the function g(ω) or curve 1. We also observed interme-
diate positions of the second maximum, for example, at
eV ≈ 25 meV ), for some contacts. In some cases the
position of the first maximum remained practically un-
changed (eV ∼= 16 meV ), which eliminates systematic
errors in the measurements as a possible source of the
displacements noted. Apparently, the ”creeping” of the
second maximum along the energy axis is due to inho-
mogeneities of the structure and the composition of the
material filling the region of the constriction and includ-
ing conducting niobium oxides in the form of impurities.
The presence of distinct spectral maxima in curves 1-3
(Fig. 1) indicates that at least the diffusion length for
energy relaxation is much greater than the dimensions of
the contacts. It is impossible to estimate quantitatively
the mean-free path length and the diameter of contacts
2 and 3, since the electronic parameters of the material
forming the constriction are unknown. Unfortunately,
we were not able to measure the point-contact spectra in
the superconducting state for contacts which had spectra
such as curves 1-3 in Fig. 1 in the normal state. Most
contacts generally did not have distinct spectral features
in the second derivatives of the IVC in the normal state.
The results of the investigation of point-contact spectra
for these specimens in the superconducting state are pre-
sented in the next section.
B. Point-contact spectra of niobium in the
superconducting state
From the large variety of IVC of niobium contacts in
the superconducting state, we selected for analysis only
the characteristics, for which the effect of Joule heating
could be neglected. The voltage dependence of the excess
current served as a criterion. The excess current was de-
fined as the difference between the nonlinear IVC in the
normal and superconducting states. Thermal effects were
assumed to be insignificant if the excess current decreases
with increasing voltage by an amount that is a small frac-
tion (of the order of several percent) of its initial value,
reached in the region eV >∼ 2∆ (∆Nb = 1.4 meV ). Be-
low, we present more direct proof of the insignificance of
thermal effects for the contacts being discussed.
Figure 2 shows typical IVC (curves 1) and their sec-
ond derivatives (curves 2), measured in zero field at a
temperature of ≈ 4.2 K (niobium in the superconduct-
ing state). The second derivatives have features for bias
voltages eV close to the energy of the main peak in the
EPI function of niobium h¯ωTA = 16 meV , owing to scat-
tering of electrons by transversely polarized phonons (see
Fig. 1). In many spectra, a weaker feature could also be
observed at eV = 22 − 24 meV (see, e.g., curve 2 in
Fig. 2b), due to longitudinal phonons. Current-voltage
characteristics and point-contact spectra in the normal
state (for T >∼ Tc) (see curve 1 in Fig. 2b and curve 3 in
Fig. 2c) were measured for a number of contacts. The
form of the point-contact spectra in the normal state is
analogous to curve 3 in Fig. 2c for other specimens as
well, and the spectral maxima in the second derivatives
are absent in the normal state. During the course of
measurements, under the influence of external electric
5FIG. 2: Current-voltage characteristics (curve 1) and second
derivatives (curve 2), for dirty superconducting niobium con-
tacts (T = 4.2 − 4.5 K,H = 0). The resistances of contacts
a, b, and c are 194, 17.5, and 29.2 Ω, respectively. Curves 1a
and 3 describe the IVC and its second derivative for contacts
b and c in the normal state (at T = 10 K). The modulat-
ing voltages for curves 2 and 3 in Fig. 2c equal 0.761 and
2.26 mV . The contacts b and c contain aluminum oxide.
adjustments, the resistance of many contacts changed ir-
reversibly and the form of the IVC and the point-contact
spectra also changed with it, which did not permit ob-
taining a complete set of characteristics in the supercon-
ducting and normal states for all specimens. For contacts
whose spectra are shown in Figs. 2a and c, the IVC in the
normal state were not obtained, so that we present their
presumed form with the dashed lines, passing through
the origin of coordinates and parallel to the excess cur-
rent in the region of voltages 5-16 mV , i.e., before the
main maximum in the second derivatives. The magni-
tude of the excess current in most cases was smaller than
the theoretical value for dirty S − c − S contacts [10]
I
(0)
exc = (pi2/4 − 1)(∆/eR). This can be interpreted as
being a result of the elastic scattering of electrons by im-
purities or defects in the region of the constriction [9].
The smallness of the mean free path li compared to the
size of the contact also indicates the absence of a large
number of subharmonics of the gap which, according to
Ref. [11], result from repeated passes of normal exci-
tations, undergoing Andreev reflection from the N − S
boundaries, through the region of the constriction. We
usually observed the smeared maximum in the second
derivative for bias voltages of eV ≈ ∆÷2∆ and not more
than one additional maximum for lower voltages, which
could be interpreted as the manifestation of second-order
harmonics.
The absence of spectral bands in the second derivatives
of the IVC in the normal state indicates the smallness of
the energy relaxation length Λε compared with the char-
acteristic size of the contact d. In this case, we assume
that the elastic mean-free path li is much shorter than the
inelastic length lε. The coherence length in the region of
the constriction equals ξ ≈ (ξ0li)1/2 (ξ0 ∼= 400A˚), since in
the limitingly dirty contacts the inequality ξ0  li is sat-
isfied. Therefore, in the contacts that we are examining,
the conditions
ξ >∼ d > Λε (2)
which lead to the spectral features observed in Fig. 2 on
the derivatives of the IVC in the superconducting state,
are satisfied.
The form of the IVC at low voltages (eV <∼ ∆) permits
assuming that in many cases, real niobium point contacts
have a much more complicated structure than an S−c−S
contact with a homogeneous composition. This is indi-
cated, first of all, by the absence of any traces of a critical
current and, second, by the proximity of the differential
resistance at V = 0 in the superconducting state to its
magnitude in the normal state (these two quantities dif-
fer, as a rule, by not more than a factor of two). Due
to the inhomogeneous distribution of elastic scatterers of
electrons and centers which break up Cooper pairs, in
the region of the constriction the coherence length also
depends on the coordinates, assuming a minimum value
at the center of the contact and increasing with distance
into the interior of the edges.
Figure 3 shows the second derivatives of IVC measured
at temperatures both lower and higher than Tc for nio-
bium. As Tc is approached from below, the spectral fea-
ture near h¯ωTA becomes wider and its intensity drops,
but the position of the V axis is not displaced toward
lower voltages, as would be expected if the observed ef-
fect were due to heating or, for example, if the current
density were close to the critical value. Therefore, the
6ћw
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FIG. 3: Point-contact spectra of the same contact obtained at
different temperatures in zero magnetic field. Curves 1, 2, 3,
and 4 correspond to temperatures 4.5, 6.5, 8.65, and 10.6 K.
The IVC in the superconducting (S) and normal (N) states
are measured at temperatures of 7.8 and 11.2 K, respectively.
The resistance of the contact is 30 Ω. The niobium electrodes
are covered with an aluminum oxide.
position of the features that we observed is determined
by the voltage drop across the contact. It is also evident
that the observed nonlinearity in the superconducting
state is entirely due to the energy dependence of the ex-
cess current and is not related to the nonlinearity of the
IVC in the normal state.
C. Comparison with theory for the clean limit
There is no theory for the energy dependence of the
excess current in dirty superconducting contacts. How-
ever, the nature of the appearance of the excess current
on IVC for clean and dirty contacts is the same. For
this reason, it is interesting to compare the form of the
observed features on the second derivative of the IVC
of dirty contacts with the theoretically predicted form of
the spectral features for clean contacts. This can be done
most completely for S − c − N contacts. According to
Ref. [4], the form of the line depends on the ratio be-
tween the width of the peak in the EPI spectrum and
∆. Let a narrow line at the frequency ω0, which can be
approximated by a δ-function, shown in Fig. 4a by the
dashed line, be present in the phonon spectrum. Then,
the second derivative of the IVC (1/R) (dR/dV ), which
is proportional to d2V/dI2 measured in the experiment,
FIG. 4: Theoretical form of the features in the second deriva-
tive of the excess current with respect to the voltage far clean
S− c−N contacts: a) for an infinitely narrow line in the EPI
function; b) for a band whose width is much greater than ∆.
when the nonlinearity is small, has the form
1
R
dR
dV
∼ θ(x− 1)2
(
x−√x2 − 1)2√
x2 − 1 (3)
for T  ∆, where x = (h¯ω0 − eV )/∆. This function is
illustrated in Fig. 4a by the continuous line and has the
form of a sharp peak, situated at eV = h¯ω0−∆. For the
reverse relation between the width of the line ∆ω and ∆,
it is the first and not the second derivative that is approx-
imately proportional to the EPI function and, therefore,
the second derivative has the form of the curve shown
by the continuous line in Fig. 4b. Comparing the point-
contact spectra in the superconducting state (curves 1 in
Fig. 2) with the theoretical curves presented in Fig. 4, it
is evident that both limiting (Fig. 2a and c) and inter-
mediate cases (Fig. 2b) are observed. The specific form
of the curve observed experimentally apparently depends
7on the composition of the material in the region of the
constriction, from which information on EPI is obtained
within the framework of PCS.
As noted above, the nonlinear features due to the en-
ergy dependence of the excess current, according to the
theory of clean S − c − N or S − c − S contacts, con-
stitute a small (of the order of ∆/eV ) fraction of the
nonlinear- ities owing to the non-ohmic nature of IVC
in the normal state and leading, as is well known [4], to
a proportionality between its second derivative and the
EPI function. As is evident from Figs. 2 and 3, in dirty
contacts, practically the entire observed nonlinearity is
due to the function I
(1)
S (eV ), while the nonlinearity in
the normal state is only a small part of it. For example,
the increase in the differential resistance in the interval
from 0 to 30 meV constitutes, in the superconducting
state, usually 4-5% of R0, while in the normal state, for
the same contacts, it constitutes only 1%. This is clearly
shown in Fig. 3, where the point-contact spectra in the
superconducting (curves 1-3) and normal (curve 4) states
are presented on a single scale. We note that although
curve 3 in Fig. 2c is also presented on the same scale with
curve 2 (the voltage of the second harmonic V2, propor-
tional to d2V/dI2, is plotted along the ordinate axis), it is
obtained with a considerably higher level of modulating
voltage V1, to whose square V2 is proportional.
As for the reason why PCS is possible in limitingly
strong contacts, we note the following. Generally, phonon
spectroscopy in point contacts is possible due to the fact
that two groups of electrons, whose maximum energies
differ by eV , coexist in some region of the metal. In the
normal state in dirty (d  Λε) contacts, this condition
is not satisfied and the spectral lines do not appear in
the second derivative. However, with the transition into
the superconducting state, it may again turn out that in
a region much smaller than Λε, two groups of electrons,
whose energies differ by eV will coexist. These electrons
arise as a result of the breakup of Cooper pairs in the
region of dimensions of the order of Λε near the center of
the contact, where there is a jump in the pair chemical
potential. The chemical potentials of pairs are constant
to the left and right of the jump and the difference be-
tween them equals eV , in spite of the presence of the
electric field and the smooth behavior of the chemical
potential of quasi-particles on a scale of the order of d.
There is one more question that must be resolved in ex-
amining the properties of limitingly dirty contacts. This
concerns the obvious fact that the conditions of the ther-
mal limit are not satisfied [12], in spite of the fact that li
and Λε. are much smaller than d. According to the the-
ory of the thermal limit, the temperature at the center
of the contact with eV = 16 meV must reach 51 K, at
which the excess current must definitely be absent. The
inapplicability of the thermal limit in this case is appar-
ently due to the fact that the electronic thermal conduc-
tivity constitutes only a part of the total thermal con-
ductivity of the dirty metal, while the phonon mean-free
path is greater than the dimensions of the contact. An
analogous situation apparently occurs also in the point-
contact spectroscopy of resistive alloys and compounds,
in particular compounds with fluctuating valence [13].
IV. CONCLUSIONS
In this paper, we have shown that point-contact
phonon spectroscopy is possible in small limitingly dirty
superconducting contacts, in which Joule heating can be
neglected. In addition, there are no peaks in the sec-
ond derivative of the IVC in the normal state. Contacts
with the required characteristics can be prepared from
niobium. The results obtained give hope that the EPI
function of superconducting compounds with high criti-
cal parameters can also be measured using this method.
Further investigations will show the extent to which this
technique can be applied to other d− and f− supercon-
ducting metals and their alloys.
V. NOTATION
Here li is the electron momentum mean-free path; lε
is the inelastic mean-free path of electrons; Λε is the
diffusion length for electron energy relaxation; ξ is the
coherence length; d is the constant diameter of the con-
striction; ∆ is the energy gap; τε is the energy relaxation
time; vF and pF are the Fermi velocity and momentum;
g is the tunneling electron-phonon interaction function;
gpc is the point-contact electron-phonon interaction func-
tion; V is the voltage drop across the contact; and I is
the current through the contact.
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